INTRODUCTION
Termites, cockroaches and mantids form a wellestablished lineage, the Dictyoptera, uniquely defined by having a perforation in the tentorium (the internal skeletal part of the head) and enclosing their eggs within a specialized case (ootheca). Within the Dictyoptera, there is agreement that both termites and mantids are monophyletic groups. However, hypotheses of relationships among the three groups have provoked controversy ever since the finding that the woodroach Cryptocercus shares several groups of symbiotic gut flagellates with early branching termites (Cleveland et al. 1934) . This, together with morphological similarity between some termites' nymphs (pseudergates) and Cryptocercus nymphs, suggested a close phylogenetic relationship between the two groups (McKitterick 1964) . However, some researchers have challenged this hypothesis by showing that (i) gut flagellates could have been passed from termites to Cryptocercus early in the history of the groups (Thorne 1990 ) and (ii) in phylogenetic studies ( Thorne & Carpenter 1992; Kambhampati 1995) , albeit with sparse taxon sampling, termites did not group with Cryptocercus or indeed nest within cockroaches. However, these results have been contested and recent phylogenetic studies (Lo et al. 2003; Terry & Whiting 2005) , again, unfortunately, with sparse taxon sampling, have supported the original hypothesis of a monophyletic termitesCcockroaches.
Two questions must be answered to resolve the phylogenetic position of termites. Are termites cockroaches? And if they are, what is the sister group of the termites within the cockroaches? No previous study has answered these questions unambiguously, as none of them have sufficiently comprehensive taxon sampling or completely adequate character information. Here, we provide definitive answers by sampling, for the first time, a fully representative set of Dictyoptera species and sequencing and analysing five gene loci.
MATERIAL AND METHODS
We sampled 107 Dictyoptera (in-group) species along with 11 outgroups. This included five of the 15 mantid families, all six cockroach families as well as 22 of the 29 cockroach subfamilies and all termite families and subfamilies. We used five gene loci (two mitochondrial: 12S, and cytochrome oxidase II; and three nuclear: 28S, 18S and histone 3), which gave us approximately 4900 aligned base pairs. We estimated substitution models for each gene (Posada & Crandall 1998) and subsequently employed a Bayesian analysis (Ronquist & Huelsenbeck 2003) on the combined dataset to estimate tree topology and posterior probabilities for each node and for nodes not recovered in a majority of the trees. We also undertook a maximum parsimony (MP) analysis on the same aligned dataset. Full details of the methods are in the electronic supplementary material.
RESULTS AND DISCUSSION
Our Bayesian consensus tree (figure 1) answers both the questions: termites nest within the cockroaches and Cryptocercus is the sister group of the termites. Additionally, it shows termiteCCryptocercus clade as sister to Blattidae, and that combined clade as sister to BlattellidaeCBlaberidae ('Blaberoidea' in figure 1 ). PolyphagidaeCNocticolidae ('Polyphagoidea') are then sister to all the other cockroaches (including the termites) and the mantids are sister to the cockroaches. Most of these relationships have 100% posterior probabilities, meaning that none of the 2501 sampled trees in the Bayesian analysis recover any other relationship. The probability of termites falling outside the cockroaches, using our dataset, is therefore extremely small. Alternative topologies within the Dictyoptera were statistically very unlikely (table 1) . None of these alternative topologies affect our findings of a blattidCCryptocercusCtermite clade. The maximum parsimony analysis gives essentially the same tree topology as the Bayesian analysis, with strong support for the key nodes (see electronic supplementary material, appendices).
How do these results compare with the earlier analyses of Dictyoptera? This is difficult to assess for many of the studies because they have not included termites, or, what in retrospect is more misleading, have used termites as out-groups, therefore specifically excluded them a priori from nesting within the cockroaches. However, considering only studies where all the Dictyoptera have been included unconstrained, most recent studies support our findings (table 2), although not all these studies are independent: a number used some of the same genes as we have. The most comprehensive of the studies in advantage that it uses a completely independent morphological dataset and, although it differs in some basal parts of the tree (tables 1 and 2), it shows a strong level of support for a sister group relationship between termites and Cryptocercus and finds that this clade is nested within the cockroaches.
Even given this growing consensus, however, most previous researchers appear to have had little problem with accepting that termites could both be nested within the cockroaches and that termites (a clade) could still be considered as an order separate from the cockroaches (a grade). At the same time, however, most systematists now generally believe that formal taxonomic groupings should be monophyletic (Benton 2000) . Therefore, we are led logically to the conclusion that the presently recognized order Blattodea is not an acceptable taxon if it does not include the termites, as it does not contain an ancestor and all its descendants. The finding that the termites are nested within the cockroaches causes a classificatory problem that we believe can best be resolved by changing the taxonomic rank of the termites. We propose that the presently recognized order Isoptera should no longer be used and that the species presently included in Isoptera should be classified within the family Termitidae as part of the order Blattodea within the superorder Dictyoptera. This means that the existing termite taxa need to be downgraded by one taxonomic rank (i.e. families become subfamilies, subfamilies become tribes; see electronic supplementary material), but would otherwise remain unchanged in species composition.
This result may appear surprising to many people who are aware that termites have apparently very different life history and social behaviours from cockroaches. However, it is scarcely unparalleled. Ants, social wasps and bees are also generally strikingly different in many aspects of their biologies from their closest solitary relatives. The evolution of sociality clearly has the propensity to change the nature of clades fundamentally, such that just four families of eusocial insects (Formicidae, Vespidae, Apidae and Termitidae) have come to dominate vital ecosystem processes (predation, pollination and decomposition; Grimaldi & Engel 2005) .
Our findings allow the pathway to eusociality in termites to be reconstructed with more certainty (figure 2) and they generally support recent hypotheses based on nutritional and microbiological arguments ( Nalepa et al. 2001) . Termites have evolved from omnivorous cockroach ancestors with a diploid reproductive system that form their oothecae internally and exhibit different degrees of intraspecific coprophagy (faeces eating) and gregariousness. These last two characteristics have allowed specifically co-evolved gut symbioses to evolve, as facilitative coprophagy by conspecifics allows the transmission of a stable microbial assemblage from generation to generation. The key evolutionary shift appears to be the acquisition of mutualistic cellulolytic flagellates in the ancestor of termites and Cryptocercus that allowed the cockroaches to become wood feeding (although this shift is not only found in the termiteCCryptocercus clade within cockroaches, Brugerolle et al. 2003) . Offspring of these wood-feeding cockroaches required lengthy parental contact to allow flagellate transfer between generations by proctodeal trophallaxis (nutrient transfer from the anus of one individual to the mouth of another; Nalepa et al. 2001) . The subsequent shift to eusociality in the termites has involved reduction and eventual loss of the oothecae, as protection from desiccation is unnecessary inside a nest with a controlled internal climate. There has also been a trend towards monogamy, with progressive anatomical simplification of termite sperm (Baccetti et al. 1981) and reduction in complexity of the male genitalia (Klass et al. 2000) , presumably due to lowered sperm competition. In addition, establishment of permanent family groups (colonies) has led to the evolution of sterile worker and soldier castes in response to the need for foragers, alloparental care, nest builders and colony defenders (Higashi et al. 2000) . Our reconstruction emphasizes the strikingly different routes of Hymenoptera and Dictyoptera to eusociality. Ants, arguably the closest biological analogues of termites, have evolved from multiply provisioning predatory wasps (Wilson & Holldobler 2005) with a haplo-diploid reproductive system, phylogenetic and life-history characteristics far removed from those found in cockroaches. Any general theory explaining the evolution of insect eusociality must take these profound evolutionary differences fully into account.
